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ABSTRACT 
About 7 0% of Malaysia ' s  furniture are made from Rubberwood . 
Most of the rubberwood used in this industry are in the form of 
laminated boards . One of the critical factors in the production 
l ine of wood lamination is the curing time of the glue l ine . One 
way to overcome the t ime consumption is by us ing H igh Frequency 
curing method . This study is  a imed to determine and to assess 
the performance o f  glue bond qua l ity under d i f f erent heat ing 
t imes us ing wood at var i ous gra i n  patterns . Po lyvinyl acetate 
( PVAc) plus a hardener was used as the bonding agent . The boards 
were subj ected to 1 0  heat ing t imes , starting from 1 . 5  minutes 
with an increment of 1 minute . The glued boards were of 4 types 
of grain pattern; rad ia l-radial faces , radial-tangenti a l  faces , 
tangential-tangential faces and bastard sawn . Thirty samples were 
prepared for each gra in pattern arrangement at each heating time 
and were subj ected to shear block test . The shear results ob­
tained were statically analyzed using analys i s  of var iance . It 
was f ound that the 1 . 5 minutes cur ing t ime was suf f i c i ent to 
produce the necess ary g lued bond qua l i ty .  Th i s  heat i ng t ime 
produces results that satisfy the requirements of Japan Agricul­
tural Standard . The requirements cal led for bond qual ity with a 
minimum of 6 0kgf /cm2 and 60% wood failure when subj ected to block 
shear test , and the rat io of delamination must not exceed 1/ 3 of 
the total length . The results also indi cated that as early as 
1 . 5  minutes , the glue l ine temperature had achieved 1 0 00C which 
i s  the minimum temperature required to cure the adhes ive . The 
adhesive used is found to be highly moisture resistant s ince none 
of the samples delaminated during the cold water soak test . No 
s igni f icant difference was found among the pos ition eventhough 
t h e  m i d d l e  p o s i t i o n g a v e  t h e  h i gh e s t  s h e a r  s t r e n g t h . 
Tangent i a l -tangent i a l  faces has the h i ghest shear strength , 
however , when compared to bastard sawn l aminat ion , i t  was not 
s i gn i f icant ly d i f f erent . By compar ing heating t ime , it shows 
that 1 . 5  minut�s has the highest shear strength and wood fai lure 
( 13 9 . 8 0 kgf / cm , 9 5 %  respect ive ly ) , which is highly s igni f icant 
compared to the other heating times . 
1 . 0 INTRODUCTION 
1.1 Background 
CHAPTER 1 
The furniture industry has developed and become one of the 
maj or wood-based industries in increas ing export earnings . Great 
emphas is on further deve lopment of the furn iture industry i s  
given i n  the S ixth Ma lays ia Plan ( 19 9 1-1995 ) .  The government has 
taken s evera l measures , such as Pioneer status / I nvestment Tax 
Allowance ( ITA) , Import Duty Exemption and Exports incentives to 
help promote and encourage the development of furniture and other 
wood based industr ies ( Kaz iah ,  19 9 0 ) . Thi s  i s  one of the ways 
for cooperation between the government and the industr ies to 
provide future expans ion and improvement . Ma laysia can have a 
great prospect g iven the exi stence of mater ia l ,  manufactur ing 
resources and the back up from the government . 
In the production of wooden furniture in Malaysia , Rubber­
wood (Hevea brasiliensis) has been extensively used . It i s  esti­
mated that approx imately 7 0 %  of  the total export s  of wooden 
furniture in 1989  were from Rubberwood ( Chew and Ros zehan , 1 9 9 0 ) . 
Lamination has been the ma in practice in order to obtained large 
1 
d imens ioned boards because of the sma l l  rubberwood log diameter 
obtained . Wood lamination for table tops consist of sawn boards 
or sma l l  squares arranged with the gra in roughly para l le l  and 
glued together thickness wise , widthwise and lengthwise ( Anony­
mous , 1 9 8 5 ) . 
The apparent problems which are faced by the industries 
are lack of knowledge of markets and techniques of production of 
h i gh qua l ity laminated products . Those involved in l aminated 
table top industr ies tend to stick to the ir tradit ional way of 
handling things; they are either ignorant or afraid of venturing 
into something new . 
The introduct ion of  high frequency glue curing technique 
in the 1 9 6 0 ' s  was geared more towards plywood manufactur ing . 
High frequency irradiation is new to the glue lamination process . 
This method has only recently been introduced to the local mills 
for the product ion of g lue laminated wooden items . There are , 
thus , insuf f i c ient data and informat ion on g luing properties of 
Rubberwood cured by the high frequency irradiat ion technique . 
Many a spects are not yet examined such a s  e xposure to h i gh 
frequency e f f e cts , d i f f erent s aw i ng pattern , etc . and thus , 
expans i on and improvement cannot be achi eved un less the bas i c  
data are avai lable . 
2 
1 . 2  Obj ectives of study 
The potent ial ut i l i z ation of h igh frequency irradiat ion 
technique as a maj or time saving process to speed up the produc­
t ion is  dependent on the bond qua l ity of the laminated product . 
This study i s  init iated as an attempt towards determining the 
performance of laminated Rubberwood under the inf luence of high 
frequency curing . 
The obj ectives of this study are: 
a )  T o  determine the glue bond strength for various heating 
times by high frequency method . 
b) To determine the mode of fai lure for various heating 
times . 
c )  To determine the accelerated degradation effect at 
various heating times . 
d )  T o  establish and recommend 
gluing properties under 
Rubberwood . 
suitable heating times for 
high frequency curing of 
e )  T o  provide information on gluing properties under high 
frequency curing for furniture manufacturer . 
Although high frequency curing has been used in table top 
manufactur i ng, it seems that data on the strength o f  the g lue 
bond laminated Rubberwood are not being cons idered . Knowledge of 
3 
the factors inf luencing the performance of glue bond i s  essen­
t i a l . Therefore , it i s  necessary to determine the e ff ect of 
heat i ng t ime on the g lue bond and its acce l erated degradat ion 
character istics . Th is study is  expected to provi de the bas i c  
information and t o  serve as a bas is for further research. 
4 
2 . 0  LITERATURE REVIEW 
CHAPTER I I  
2 . 1  Rubberwood: Raw Material Resource 
Rubberwood has become one o f  the va luab l e  sources o f  
t imber for furniture manufactur ing because o f  its l ight and even 
coloured texture . The wood is whitish ye llow or pale cream when 
freshly cut; however when seasoned , it wi l l  change to l ight straw 
or l ight brown with sl ight pinkish t inge . The t imber is classi­
f ied as a l ight hardwood having an average diameter of about 5 0 0  
rom at breast height . (Anon , 1 9 9 0 ) . 
Rubberwood has become the favorite timber used in furni­
ture production. Apart from its neutral colour , easy season ing , 
mach ining a nd process ing propert ies , i t  i s  a lso su itab l e  for 
various staining to produce dif ferent colour tones ( Ng ,  1 9 9 0 ) , 
which is an advantage to other species . 
I n  ASEAN region , rubber plantations are the largest man­
made forest . Total land area planted with rubber is  estimated at 
6 . 4  mill ion ha. and most plantations are concentrated in Indone­
sia , Malays ia and Thailand ( Ser , 199 0 ) . 
5 
Currently , the total area under rubber trees in Malays ia 
i s  about 1 . 8 9 mill ion hectares . The average replanting age for 
rubber trees is usual ly from around 2 5  to 3 0  years ( Nor ' ini et 
aI , 1 9 9 0 ) . From the avai lable data , Rubberwood has raised its 
status from a source of heat energy to vital raw material for 
furniture industries for both export and local markets . It is 
estimated that approximately 70% of the total exports of wooden 
furniture in 1989  are from Rubberwood ( Chew and Roszehan , 199 0 ) . 
2 . 2  Polyvinyl Acetate : Adhesive in Use 
Polyvinyl Acetate ( PVAc )  is one of the leading synthet ic 
adhesives for use in interior conditions . PVAc is thermoplastic 
whereby the process of adhes ion can be reversible unl ike other 
types of adhes ives such as forma ldehyde resins , epoxy g lues or 
the polyurethane group o f  adhes ives that are thermo s ett i ng . 
( Kollmann et aI , 197 5 ) . 
PVAc i s  be ing used to a large extent espec i a l ly in the 
furniture manufacturing industr ies because it is easy to handle 
and clean to use . PVAc comes in one package only whereby in some 
adhes ives , a mixture of hardener or catalyst is needed . Another 
f actor i s  that PVAc has an unl imited storage t ime due to its 
thermoplastic condition . Users will have no problems in utiliz-
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ing PVAc at anytime . Since it is synthetic , we can be assured of 
its res i st ivity to microorgani sms . PVAc a l so does not stain the 
substrate , in this case the wood . 
However , there are disadvantages in using PVAc . PVAc has 
a high sens itivity to water , therefore it is not suitable for 
exterior usage . There is also a rapid reduction of the strength 
under the influence of heat and moisture and there is the tenden­
cy to have large creep or low fat igue resistance ( Ko l lmann et al , 
19 7 5 ) . 
2.3 High Frequency curing Technique 
until now , maj ority of wood lamination was produced by the 
clamping method . Improved methods such as steam or electrically 
heated platens to acce lerate the production of laminated wooden 
products have been introduced . Unfortunately , these methods are 
either too slow or too expens ive . The idea of  us ing h igh fre­
quency irrad i ation is to produce a more economical and f aster 
method of wood gluing . 
High frequency is the radiation of electromagnetic energy 
in frequencies ranging from 1 x 104 to 3 x 1 09 cycles per second . 
When a relatively poor conductor is placed in between the metal 
7 
p l ates wh i ch are atta ched to the h i gh f requency s ourc e , the 
conductor wi l l  get heated up . The action of radio waves gener­
ates heat by exciting the water molecules in the material ( Clark 
Jr , 1 9 8 3 ) . Th i s  system provides a f a ster heat d i str i but i on 
throughout the mater ial  compared with heated p l ates where the 
heat has to penetrate the metal plates before it being generated . 
2 . 4  Factors Affecting the Glue Bond Qual ity of Rubberwood 
Rubberwood is a small diameter tree and the production of 
certain furniture component especially table top requires boards 
of larger d imensions . Glue laminat ion has thus been recommended 
(Menon and Burgess , 197 9 ) . 
2 . 4 . 1  Properties of Rubberwood 
studies have been done ( Ho and Choo , 1982  ) on the proc­
ess ing of Rubberwood . From the stud ies , the sawn boards can be 
machined to a fairly smooth surface . They are however , prone to 
seasoning defects such as bow , spr ing and end spl itting . Juve­
n i le wood , presence of interna l stresses both aggravated by the 
inclusion of pith are responsible for these defects . It is  also 
8 
found that the average recovery and average production rates are 
lower compared to others when sawn ' through and through ' by the 
frame gang-saw . The seasoning defects can be minimised by exclu­
s ion of the pith . In addition , warp relief treatment should be 
applied .  I t  i s  also found that Rubberwood has a low shrinkage 
and low movement compared to other Malaysian timbers . 
2 . 4 . 2  Moisture content 
The effect of moisture content and preservative treatment 
on the glue bond strength have also been studied and it is found 
that sat i s factory glue bond can be achieved from Mengkul ang 
(Heritiera spp.) with a mo isture contents in the range of 9 to 
2 0 % u s ing pheno l resor c ino l f orma ldehyde adh e s ive ( S er and 
Lope z , 1 9 8 3 ) .  For the case of softwoods , phenol ic adhes ive can 
be used satisfactorily at a moisture content up to 2 6 %  and for 
other wood adhesives , appl ication can be made to a ir dried timber 
with moisture content of 18% to 2 2 % . 
2 . 4 . 3  Preservative Treatment 
S er and Lopez ( 1 9 8 3 ) a l s o  reported on the s ignif icant 
effect of copper-chromium-arsenic preservative in the timber on 
9 
glue bond strength due to the preservat ive that af fect the set­
ting of phenol resorcinol forma ldehyde adhes ive. Recommendation 
was made to rectify the problem by curing the glue lines at ele­
vated temperature wh ich could produce s a t i s f actory g lue bond 
( Chugg , 1 9 64 ) .  
2 . 4 . 4  Types of Adhes ive 
Further investigation on Rubberwood gluing properties was 
conducted by Mohd Shukari et al ( 19 8 5 ) . The experiment was con­
ducted using the norma l clamping method and comparison of results 
with Mengkulang (Heritiera spp.) , Kapur (Dryobalanops spp.) and 
Keruing (Dipterecarpus spp.) Adhes ives used were the urea for­
maldehyde and pheno l resorc inol forma ldehyde . From the study 
conducted , it was found that Rubberwood gluing propert ies were 
superior . 
The introduct ion of high frequency in 1 9 6 0 ' s  was geared 
more towards plywood manufactur ing . H i gh frequency cur ing is  
relatively new to the proces s of glue l amination . Thi s  method 
has only recently been introduced to the local industries for the 
production of glue laminated wooden items . 
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S imi larly , the factors mentioned above do inf luence the 
glue bond performance under high frequency . Influence of current 
f low and duration of exposure are among other maj or factors that 
influence the glue bond quality (Grefart , 19 6 5 ) . 
Given the steady availabil ity of Rubberwood , and the cur­
rent emphas i s  on further process ing to manufacture value added 
products , thi s  study cou ld he lp to remedy the lack of technical 
information mentioned in 1 . 1 . 
1 1  
CHAPTER I I I  
3 . 0  MATERIALS AND METHODS 
3 . 1  Materials 
The timber cons isted of treated Rubberwood (Hevea brasili­
ensis) in strips form . The criterion used in the selecti on of 
the mater i a l  wa s that it is  common ly used spec ies and is the 
leading spec ies for wooden furn iture espec i a l ly in l aminated 
table tops . 
The material was obtained from a Rubberwood suppl ier in 
Kelang . It originated ma inly from Sungai S iput and Sepang plan­
t a t i o n s . T h e  Ru b b e r w o o d  w a s  p r e s s u r e  t r e a t e d  u s i n g 
Copper-Chrome-Boron chemicals and k i ln dried to a moi sture con­
tent less than 10% . 
Upon obtaining the material , selection of true radial and 
tangent i a l  faces was made . F igure 1 i s  the d i agram o f  such 
faces . The sawntimber was then cut into the radial and tangential 
face pattern as wel l  as bastard sawn . strips of 2 5  x 5 0  mm were 
then f ormed and f inger j o inted a s  necessary to ach i eve a 
standard length of 2 0 00 mm as shown in Figure 2 .  The strips were 
then conditioned to a moisture content of 1 2 %  - 1 4 % . Summary of 
the specif ication of strips for these experiments is as follows: -
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�25mm� 
True Radial Face True Tangential Face Bastard Sawn 
Figure 1. Selection of true radial, true tangential and bastard sawn face s 
